ABSTRACT
I
nverted papilloma (IP) is the most common sinonasal tumor that requires resection by otolaryngologists ( Fig. 1 ). Although IPs are benign tumors, they have a high propensity for recurrence. Recent systematic reviews and large cohort studies estimate the recurrence rate at 12-17% of cases. [1] [2] [3] [4] The cause of recurrence has been attributed to the biologic characteristics of the tumor, which has a predilection for submucosal invasion and spread. These tumors may harbor highgrade dysplasia and even occult carcinoma, especially when recurrent or left untreated. 2 Malignant transformation and the presence of concurrent carcinoma has been noted to be present in 2-27% of IP cases. 2 Most malignant tumors that demonstrate a propensity for recurrences are resected with negative margins. Due to the significant risk of recurrence, IPs have been regarded as intermediate-grade tumors by many. Based on the biologic characteristics described above, intraoperative frozen section istopathology (IFSH) has been routinely used at our institution for surgical resection of IP.
We, therefore, analyzed our outcomes when using this strategy. The primary goal was to determine the recurrence rate in our series. The secondary goal was to evaluate the reliability of IFSH when compared with the criterion standard of the final histopathology report. We assessed both the negative predictive value (NPV) of a "clear" (negative for tumor) call as well as positive predictive value (PPV) (when a margin was called "positive for tumor") during IFSH.
METHODS
The study was approved by the Mayo Clinic Institutional Review Board. A retrospective review of all patients who underwent surgical resection for IP at a single tertiary care academic institution between years 2010 and 2015 was performed. Data were collected on age, gender, primary tumor site, tumor stage, follow-up time, and disease status at the time of presentation to our clinic (primary or recurrent IP). Due to the retrospective nature of this case series, the level of evidence of this study was deemed level 4. A minimum follow-up period of 9 months was set as the inclusion criterion based on previous reports. 3 Follow-up was measured from the time of surgery to the date of the last follow-up. The Krouse staging system for IP was used 5 ( Table 1 ). The rate of recurrence was our primary outcome. The secondary outcome was to assess the NPV of IFSH. This was calculated by comparing the results of clear margins on frozen sections to that of the final histopathologic report (used as the criterion standard).
RESULTS
Twenty-two adult patients with a minimum follow-up period of 9 months met the inclusion criterion for this study. One patient with Ͻ9 months of follow-up was excluded from the study. Of these, 36% had recurrent tumor at the time of presentation. Two-thirds of the tumors (68%) were staged as Krouse stage 3. The maxillary sinus was the most commonly involved primary site, and the location of tumor attachment was identified in all the patients ( Table 2 ). The mean age of the cohort was 63 years, and 73% were men. The surgical technique involved transnasal endoscopic approaches in all the procedures. Supplementary external approaches were used as endoscopic ports in five subjects (23%) (sublabial [n ϭ 3], brow trephination [n ϭ 2]). No patient underwent a purely external approach.
The site of the potential tumor attachment was predicted before surgery by noting sites of bony thickening on sinus computer tomographies (CT). 6 The tumor attachment were confirmed by endoscopic visualization in all the patients. The tumors were carefully debulked under endoscopic visualization and removed until the attachment site was identified. The attachment site was resected with wide margins and by drilling out the underlying bone. In cases with an IP that involved the skull base, the bone along the skull base was drilled down, but it was not completely removed to preserve an oncologic barrier in case of the possibility of tumor recurrence. For cases with the tumor base that involved the lamina papyracea, only the thickened bone was drilled, while otherwise preserving the bony integrity.
In all the cases, the tumor was debulked to identify the tumor attachment site and resection was carried out to establish a perimeter
of normal-appearing mucosa. IFSH was then used, and samples were taken in a 360°fashion circumferentially around the identified tumor attachment site. In areas where visualization was challenging or access was restricted, the use of external ports allowed for complete resection and aided in margin sampling. Repeated circumferential resection and new margins were sampled until a "clear" negative margin was confirmed by the surgical pathologists on frozen section analysis. Based on review of the operative report and the pathology report, we estimated that, in at least 6 of 22 patients (27%), additional mucosal margins had to be undertaken based on finding an IP in the first set of mucosal margins.
The PPV of the frozen section confirmation was 100% based on concurrence with the final histopathology report. Intraoperative negative margins were achieved in all the patients (22/22), and this result was confirmed on final histopathology (NPV, 100%). Concomitant malignancy was not noted in any of our tumor specimens on frozen or final histopathology. Surveillance was performed every 1-6 months with nasal endoscopy and CT or magnetic resonance (MR) imaging studies, depending on the site of tumor attachment and the postoperative time interval of follow-up. The mean follow-up was 40 months (range, 10-73 months; median, 41 months) ( Table 3) . No recurrence was noted in the study period for any of the 22 patients (Table 3) .
DISCUSSION
Recurrence continues to be a problem with surgical resection of IP and results in potential morbidity and mortality to patients as well as cost to society. IPs have biologic characteristics that make them prone to recurrence. 2 On histologic examination, IPs are hyperplastic ribbons of basement membrane-enclosed epithelium that grow endophytically into the underlying stroma 2 (Fig. 2) . The submucosal extension and spread are not evident on endoscopic visualization and contribute to the risk of IP recurrence. In addition, recurrent papillo- mas are found to be associated with an increased risk of recurrence, which emphasizes the importance of complete resection upfront. 7 There is limited literature on frozen section analysis and its use in IP, and it is unclear from studies whether margins are even sampled at all in all subjects. 1, 3 Investigators have advocated its use in select cases in which frozen sections are performed if carcinoma is suspected or margins are questionable. 8 Healy et al. 4 investigated the risk factors for IP recurrence and did not find a significant improvement in outcomes with its use.
Our rationale for using negative margins for IP resection is not entirely based on the risk of concurrent cancer, which we did not find in any of our specimens. Rather, in understanding that this tumor can have wide submucosal extension, we recognize that even the best endoscopic visualization of the mucosal surface may give the surgeon a false sense of the true extent of the tumor. It is our experience that, based on our frozen section results, in at least 27% of the subjects, we had to conduct further resection based on the presence of submucosal extension that was not appreciated on endoscopic examination. It is unlikely that all initial "positive" margins were captured in the operative report, which makes our result of 27% a likely underestimation of patients who required further resection.
The cost of using frozen section analysis must be weighed against the expense and morbidity of a repeated surgery and the risk of malignant transformation. [1] [2] [3] Frozen sections allow us to confirm pathology during surgery, ensure that microscopic tumor has been cleared, and avoid reoperation to clear margins if only permanent section histopathology is used. Unlike some other tumors, we find that the false-negative rate for frozen section analysis was zero in our series, with an NPV of 100%. The PPV was also 100%. Therefore, the reliability of a "clear" negative or a "positive" margin on frozen section histopathology for IP resection is very high, albeit when read by experienced pathologists.
In addition, we must also apprise the reader that other factors may have contributed to our success rates. These results were obtained in a tertiary care setting with an experienced team by using magnified endoscopic visualization on high-definition monitors and with the use of intraoperative image guidance. Recent meta-analysis revealed improved recurrence rates, particularly in early stage IP, with use of endoscopic techniques. 9 In five cases, visualization of the tumor was limited. Therefore, supplementary sublabial and brow trephination ports were used. CT (and MR imaging where beneficial) was used for mapping the tumor and for surgical planning (Figs. 3 and 4) .
On a CT, an IP generally appears homogenous, with a density like that of soft tissue and may contain calcium. With intravenous contrast, an IP may enhance heterogenously. As tumors enlarge, bone appears thinned, bowed, and eroded. 10 Underlying bony changes and focal hyperostoses can be useful in predicting tumor origin (Fig. 4) . 11 In our cohort, the site of tumor attachment was identified routinely with preoperative imaging and confirmed by using intraoperative endoscopic visualization. In all the cases, the tumor attachment site was identified (Table 2 ) and the underlying bone was drilled down.
In a study performed by Chiu et al., 12 histologic analysis discovered mucosal tissue to be embedded within bone of 22% of surgical IP specimens. Subsequent work, performed by Healy et al., 4 found that drilling down or resecting the underlying bone was associated with a decreased risk of recurrence. By using the aforementioned strategies, we were able to achieve curative resection with negative margins in all 22 patients. When reviewing recent systematic meta-analyses and large cohort studies, the IP recurrence rates ranged from 12 to 17%. 4, 13 Our recurrence rates seemed to be superior to contemporary reports available in the literature. There were several limitations to our study. The study was retrospective in nature. However, because much of the pertinent information was available in the electronic medical record, we had fairly reliable data collection. Given that all the patients underwent surgery with intraoperative frozen sections, we also did not have a control group. We, however, were able to compare our results with robust series published from other tertiary care centers 3, 4 and with data from a meta-analysis. 1 Involvement of the frontal sinus may be associated with an increased rate of recurrence. 13, 14 Based on our review of various cohort studies, the frontal sinus is a rare site of involvement with IP, with published series that show rates that range from 1 to 16%. 3, 14 Busquets and Hwang 1 reviewed their institutional experience and found none with frontal sinus involvement (only 2/29 with frontal recess involvement). In a subanalysis of 40 patients with IP who were most recently treated by them, Lawson and Patel 3 reported only one patient (2.5%) with frontal sinus IP. Within our cohort, only one patient (5%) presented with a primary frontal sinus IP. Therefore, most case series, including ours, have inadequate numbers to predict long-term outcomes for patients with frontal sinus involvement. It is important to keep in mind that patients with frontal sinus IP involvement may experience increased rates of recurrence due to the challenging anatomy inherent in frontal sinus surgery.
Long-term follow-up is also recommended because IP may recur after several years. We chose a minimum follow-up of 9 months based on the inclusion criteria used by Lawson and Patel 3 in their series of 200 patients. Although Lawson and Patel 3 had a range of follow-up much longer than ours (9 months to 19 years), their mean follow-up period was 4.3 years, longer but comparable with a mean 3.3-year follow-up in our series. Our mean follow-up period of 40 months covered the period of the first 3 postoperative years in which most IP are reported to recur. 1, 3 Longer-term follow-up will be helpful to further validate our results. Indeed, we cannot overemphasize the need for long-term follow-up, given that IP recurrences can happen decades after the initial resection. 1 In addition, we used close periodic surveillance with endoscopic visualization every 1-3 months in the first 3 postoperative years and follow-up every 6-12 months thereafter; imaging with CT and MR was also conducted when endoscopic visualization was inadequate (e.g., densely scarred maxillary sinuses, lateral frontal recess). We had a relatively small sample size compared with the large series reported by Lawson and Patel. 3 However, the primary purpose of our study was to evaluate the use of intraoperative frozen sections. Given that the recurrence rate in our series was zero, we believe that our results are noteworthy of sharing with otolaryngologists because this is one of the most common surgically treated sinonasal tumors.
Furthermore, we found that, in the hands of experienced pathologists, the NPV of frozen section analysis was very high; in our series, the final histopathology report was concordant with that of the preliminary frozen sections in all the subjects. The use of frozen sections has been debated in the literature. To our knowledge, we presented the first article that specifically investigated its utility in IP resection. It is important to emphasize that pathologists' experience with frozen section assessment of IP is crucial when using IFSH, and the lack of widespread availability of IFSH with an experienced team may provide a lack of complete generalizability of our results. Nonetheless, we hope that our results will be of value to colleagues in minimizing IP recurrence.
Although we present a small cohort, our study adds to the literature in demonstrating that our overall ability to decrease recurrence of IP has improved over time and will likely continue to improve. In addition, we would like to emphasize that this is likely related to improved surgical techniques and visualization as well as a better understanding of the disease process rather than just the use of frozen section margins.
CONCLUSION
A positive IFSH result increased the extent of resection in 27% of the patients, which resulted in a 0% recurrence rate in this cohort. The reliability of IFSH for IP is very high. Both PPVs and NPVs for IFSH were 100% (concordance with final pathology results). No recurrence of IP was noted at mean follow-up of 3.3 years. We advocate for use of IFSH because it may reduce recurrence rates for IP. Surgical resection that uses magnified endoscopic visualization, wide local subperiosteal resection of tumor attachment site, along with the use of intraoperative frozen section notably optimizes completeness of resection and minimizes recurrence. Although further studies are needed, these strategies may help otolaryngologists to significantly minimize recurrence of IP in their patients.
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